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DRUG TARGET IN CANCER THERAPY 
Background of the inventioii 

The present invention relates to a novel drug target in cancer therapy. More closely it relates to 
use of the cytochrome P450 enzyme CYP2W1 as a drug target for cancer therapy. 

Background of the inventiou 

The cytochromes P4S0 are responsible for the metabolism of endogenous as well as oogenous 
confounds. In human at present about 80 dififerent P450 genes have be&n idmtifiied of which SS 
are functional whereas 25 are pseudogenes. The human P4S0 forms can be divided into &ree 
major groups: i) ftose in CYP families 5-51 of endogenous in^ortance having usually higjii 
afTmi.ty for the substrates and being relatively well conserved during evolution, ii) those in CYP 
families 1-3, with usually less affinity for their substrates, being less conserved evolutionary and 
which exhibit important genetic polymorphisms and iii) tiiose in family 4 with properties in 
between the two other groups (see Ingehnan-Sundberg (2002) for a review). CYP enzymes in 
families 1-3 are active in metabolism of exogenous compounds and currently 19 genes encoding 
active enzymes have been described. The cytochromes P450 in these families are responsible for 
70-80 % of all phase 1 dependent metabolism of clinically used dmgs and participate in the 
metabolism of a huge number of other xenobiotic chemicals. This can lead to the metabolic 
activation of precarcinogens and dmgs, which might exert toxic or carcinogenic effects. This 
capacity to activate prodmgs to cytotoxic products are seen e.g. in the metabolic activation of 
acetaminophen which is metabolised by CYP2E1 and CYP3A4 to a reactive imine intermediate 
that can cause liver hepatotoxicity . Other examples of cytochrome P450 dependent metabolic 
activation come from prodmgs in cancer therapy where P450 enzymes like CYP2B6 ins^ed by 
viral transfection into tumours facilitate tumour suppression upon treatmmt with cancer dmgs 
agents like e.g cyclopho^hamide or ifosfamide (Waxman et al., 1999, Jounaidi and Waxman» 
2001). 



Summary of the invention 

Another approach for drug targeting in cancer Aer^y would be to utilize a specific form of 
cytochrome P450 only present in the transformed tissue being able to activate prodrugs converted 
to cytotoxic products. The present inventors have identified a novel human cytochrome P450 
form, CYP2W1, mainly expressed in tumour cells. This finding represaits a major step of 
importance for the development of new potential agents effective in cancer therapy. 

Thus, in a first aspect the present invention relates t» the use of the cytochrome P450 enzyme 
CYP2W1 and genetic variants thereof as a drug target in cancer therapy. CYP2W1 was found by 
the inventors to be selectively expressed in tumor tissues such as lung carcinoma, colon 
carcinoma and ovarian carcinoma. A common problem in cancer therapy is the unselective 
toxicity exerted by cytotoxic drags against cancer cells and their healthy counterparts. The 
present invention shows the potential to improve drug targeting to tumor cells solely, by 
administering substances that can be metaboUcally activated by CYP2W1 to cytotoxic agents. 
Accordingly, the invention provides a method for screening for such substances, substrates for 
CYP2W1, which can be modified by the enzyme to obtain a cytotoxic metabolite. A second 
aspect of tiie invention relates to the combinatorial use of a substance-substrate-to-be- 
metabolised, and a substance that can induce the expression of CYP2W1 in the tumor cells, thus 
resulting in higher c(«centrati(ms of the cytotoxic metabolite at the site of the tumor. 

The invention can for exanq>le be used for, but not restricted to, the treatment of lung tumours, 
colon tumours or ovarian tumours, or all or any tumour expressing CYP2W1 constitutively or 
after administration of an inducing agent 

hi a second aspect, tiie invention relates to a mefltod of providing tiier£?)eutic agents for cancer 
ibecapy, conqnising screening for such agents by using CYP2W1 as a drug target. 
The flierapeutic agents shall modulate the activity of CYP2W1, such as induce or mcrease the 
activity thereof.. 

In a third aspect, the invention relates to a method of treating cancer, con^rismg giving a patient 
in need thereof a therapeutically effective amount of a svtbstance activated by the enzyme 
CYP2W1 and/or inducing tiie enzyme CYP2W1. 

For exanq)le, the substance may be activated to an anticancer agent or a cytotoxic substance. 



In order to scrceni for cytotoxic ag^ts. anticancer agents, or o&er substrates, activated by 
CYP2W1, the enzyme is expressed using for example yeast as expression system. Other 
expression systems like bacterial and mammalian expression system could also be used as 
enzyme source. The obtained microsomes are incubated with a nuorescent substrate that is 
metabolised by CYP2W1 . Inhibition of that reaction is then used for drug screening with 
different substrates. Candidate substrates to be tested, but not restricted to, could be drugs with 
moieties that are known to be metabolised by other members of the CYP2 femily. The substrate 
that shows the best inhibition can be modified in order to obtain a cytotoxic metaboUte. Thus the 
invention relates to a screening assay usmg CYP2W1 as a drug target 

In Older to screen for ^ents inducing Ihe expression of CYP2W1 different cell Unes can be used. 
One example of possible ceU line is the human hepatoma cell line HepG2, which is constitutively 
expressing CYP2W1 . The agent to be tested will be administered to the supplement medium and 
tiie induction of the CYP2W1 expression can be tested on the RNA, protein and/or enzymatic 
activity levels. Candidate agents to be tested, but not restricted to, could be known inducers of 
cytochrome P450s belonging to the CYP2 and CYP3 family, including those being efficient 
substrates for the nuclear receptors PXR, LXR, FXR and CAR. 

Detailed description of tiie invention 

The present invention will be described in more detail below in an experimental section. 

Materials and Method 
Bioinformatics 

The BLASTN search algorithm was used to search the Celera sequence databases 
(http://www.celera.com) for sequences related to the previously reported CYP2W1 partial cDNA 
sequence (GenBank Accession No- AK00O366). The amino acid sequence of CYP2W1 was 
con^ared with the amino acid sequences of other human P450s using multiple sequence 
alignment. An unrooted phylogen^c tree was calculated using ClustalW 1 .8 (Thonopson et al., 
1997) and visualized using the program unrooted (ht^://pbil.univ- 
lyonl Jr/8oftware/unrooted.html). 



BNA Isolatioik and 1** strand cDNA Synthesb 

Total RNA was isoktedfiom cultured HqpG2 aiidB16A2 ceUs using the 

(Invitrogen. Rockville, MD) based on the acid guanidine thiocyanate phenol chlorofoim 

extraction method, whereas total RNA from HEK293 andHeLaceUs was isolated using the 

RNeasy Mini Kit (Qiagen. Hilden. Gennany) Reverse transcriptase was performed using MMLV 

Reverse Transcriptase (Invitrogen. Rockville, MD) according to the manufacturer's instructions. 

Amplification and Sequendng 

cDNA from HepG2 cells was used as a template in PGR reactions with CYP2W1 specific 
primers. The enzyme used for amplification was Taq DNA Polymerase (ABgene, Epsom, UK). 
The PGR products generated were sequenced using the ABI PRISM BigDye Terminator Gycle 
Sequencing Ready Reaction kit (Applied Biosystems, Foster Gity, GA), according to the 
manufacturers instructions, and analyzed on an ABI PRISM 377 DNA Sequencer (AppUed 
Biosjretems, Foster City, CA). 

Multiple Tissue cDN A Panels 

cDNA from Human Multiple Tissue cDNA (MTG) Panel I and II, Human Digestive System 
MTG Panel. Human Fetal MTG Panel and Human Tumor MTG Panel (Glontech, Palo Alto, GA) 
were used as templates in a PGR-reaction using the GYP2W1 specific primer pair, 5*- 
GAGGTGGAGGCATCTrCTTCTGATCTG-3V5'-GTGGATGAGGGGGTGGAGATAGCTG- 

3' . A reaction without cDNA was run as a negative control in each experiment. The PGR 
ampUfication was performed in the presence of 1 mM MgCh, 0.2 mM of each dNTP, 0.4 |iM of 
each primer, 0.625 U Taq DNA Polymerase (ABgene, Epsom, UK), Ix Reaction Buffer IV (75 
mM Tris-HQ pH 8.8 at 25*G, 20 mM (NH4)2S04, 0.01% (v/v) Tween 20) and 0.5 ng cDNA. The 
PGR reaction was performed by an initial denaturation step at 94*>G for 3 min, after which the 
anq^lification was carried out for tiie indicated number of cycles, with denaturation at 94°C for 
45s, antiealing at 60°G for 30s, and extension at 72X for 1 min and 30s, and a final extension 
step of 72''G for 10 min. HepG2 cDNA was used as a podtive control, and the quality of the 
cDNA in the MTG panels was oisuied by using die G3PDH control primers, supplied by the 
manufacturer. An^lificatioa was performed under die same conditions as described above. The 
PGR products were sq}arated and detected on a 1 .2% ethidium-bromide stained agarose gel. The 



PGR product generated was sequenced and analyzed, as described above, in order to ensure 
specificity of the reaction. 

Real-time quantitative PCR detection 

CYP2W1 niRNA expression was quantified in Human Tumor MTC Panel using the Smart 
Cycler® S^tem (Cepheid, Sunnyvale, CA). The quantitative real-time PCR assay was carried 
out using the CYP2W1 gene specific primer pair, 5'-AGCTATGTGGACGCCCTGATCCA- 
375^-ACGCGGTCTAGCTCCTCCTGCAC-3*, and SYBR®Green PCR Master Mix (Applied 
Biosystems, Foster City, CA). The quantification was performed using 0.5 ng of each cDNA 
sample. To avoid detection of any possible contaminating genomic DNA the primer pair was 
designed so the resulting product spans exon junctions. Standard curves were constmcted with 
the use of serial 10-fold dilutions ranging fi-om 10"^ finol/jxl to 10'^ finol/nl of an accurately 
determined concentration of a CYP2W1 full-length cDNA fragment. The data was analyzed 
using the Smart Cycler® Software (Cepheid, Sunnyvale, CA). 

Analysis of mRNA by Northern and Dot Blot 

A Human Multiple Tissue E^qpression (MTE) Array (Clontech, Palo Alto, CA) and a Multiple 
Tissue Northern (MTN) Blot (Clontech, Palo Alto, CA) were hybridized with a ^^P-labeled 
CYP2W1 probe, corresponding to nucleotides 329-986, which was generated by PCR and labeled 
using the Radprime DNA labelling system (Invitrogen, Rockville^ MD). Hybridization was 
performed according to the manufacturer's instructions. 

The ^¥-labeled CYP2W1 probe was also hybridized to total RNA from HepG2, B 16A2, 
HEK293 and HeLa cells and total RNA fiom human liver (inx>vided by Anna Westtind). In 
particular, 20 ^g RNA per lane was loaded on a 1 .2% agarose/formaldehyde denaturing gel and 
subjected to electrophoresis using standard procedures (Struhl, 1993). The RNA was transferred 
to a Hybond-N-f filter (Amersham Pharmacia Biotech, Uppsala, Sweden) and hybridized using 
ExpressHyb Hybridization Solution (Qontech, Palo Alto, CA). Prehybridization was carried out 
at 65^C for 30 minutes, and hybridisation was earned out at the same temperature over night. 
After hybridisation all three blots wore exposed to an imaging plate and analysed by a Bas-1 800II 
phosphoimager using the Image Gauge software (Fujifilm, Samford, CT). 



Cell Culture Conditions 

HepG2 and HEK293 cells were cultured in Minimum Essential Medium supplemented with 1 0% 
fetalbovmesenm, ImMsodiumpymvate. 1% non-essential amino acids. 100 lU/ml pemcillin 
and 100 ^g/ml streptomycin. HeLa cells were cultured in Dulbecco^s Modified Eagle Medium 
supplemented with lO^/o fetal bovine serum. 1% non-essential amino acids. 100 lU/ml pemcillm 
and 100 ^.g/ml streptomycin. B16A2 cells were cultured in WUliam's E Medium si^lemented 
with 5% fetal bovine serum. 0.6 jiM hydrocortisone. 0.25 jxg/ml insulin. 100 lU/ml penicUUn and 
100 Hg^ml streptomycin. All cells were cultured in humidified 5% COz at 37»C. All ceU culture 
media and supplements w«e obtained ftom Invitrogen. Rockville, MD. 

CYP2W1 Antiserum 

An 15 amino acid long peptide. TMRPRAQALC AVPRP, corresponding to the C-terminus of 
CYP2W1 was synthesized and coupled to keyhold Umpet hemocyanin (Neosystems. Strasbourg, 
France). Immunization of two rabbits was carried out with injections at day 0, 14, 27 and 56. 
Bleedings were performed before the first injection to obtain pre-immune serum, and after 39. 67 
and 96 days to obtain the CYP2WI -specific antiserum. 

Preparation of Total CeU Extracts and Western Blot 

Hie human ceU lines HepG2, HBK293. HeLa and B16A2 were analysed for CYP2W1 expression 
using western blot Cells were washed twice, scraped into ice-cold PBS and peUeted by 
centrifiigation at I7320x g. The peUeted cells were resuspended in a phosphate buffer, 
containing 50 mM NaPO* pH 7.4. 0.lmM EDTA and 10% glycerol, and lysed by sonication. 
After centrifugation at I7,320x g. supematants were collected and protein concentration was 
determined according to Lowry. 40 jig total ceU extract as well as human liver microsomes and 
cytosol , were subjected to SDS-PAGE using a 10% gel, TTie proteins were subsequently 
transferred to a Hybond-C extra membrane (Amersham Phannacia Biotech. Uppsala. Swedai). 
After transfer, the membrane was blocked in TBS containing 0.05% (v/v)Tween20 and 5% fat- 
free milk, and incubated wifli a 1:5000 dihition of the CYP2W1 antiserum. This was followed by 
an incubation with 1 :2000 diluted horseradish peroxidase-conjug^ted anti-rabbit 
immunoglobulins and detection using SuperSignal West Pico Chemiluminiscent Substrate 
(Pierce, Rockford, XL). Blocking experiments were performed using antiserum pre-incubated with 



peptide. TTie CYP2W1 antiserum was incubated together with the peptide used for immunisation, 
at a concentration of 3 ^g peptide per ^1 antisenmu Incubation was performed at room 
tenq>erature for 2 hours under gentle agitation. After incubation, the antiserum was diluted and 
immunoblotting was carried out, as described above. 

Construction of CYP2W1 Expression Plasmids 

A ftiU-lengai cDNA clone of CYP2W1 was ampUfied firom cDNA d«ived ftom HepG2 ceUs 
using Elongase Enzyme Mix Ctavitrogen, Roclcville. MD). Hie primer pair used was 5'- 
GACAGMerATGGCCCTGCrGCTCrTG-3V5'- 

GACTei:M2£^CrAGCKK:CTGGGCACCC3CA-3\ Restriction sites for Jgfll and A&al 
(underline.^ were introduced by the primers. The PCR reaction contained 0.2 mM of each dNTP, 
0.4 j*M of each primer, 2.5 U Elongase Enzyme Mix (Qontech. Palo Alto, CA), and a Buffer 
A/Buffer B ratio corresponding to 1.7 mM MgOz (5x Buffer A containing 300 mM Tris-SO* pH 
9. 1, 90 mM (NH4)2S04. and 5 mM MgS04; 5x Buffer B containing 300 mM Tri8-S04 pH 9.1, 90 
mM (NH4)2S04, and 10 mM MgS04). The conditions for the reaction were as foUows, a 
denaturation step at 94°C for 1 min followed by 70°C for 1 min when Buffer A^uffer B and 
Elongase Enzyme Mix were added as a hot start. Before amplification an additional denaturation 
step at 94''C for 1 min was performed. The ampUfication was carried out with denaturation at 
94«C for 30s, annealing at 52*C for 308, and extension at 68*C for 2 min for 35 cycles, and a 
ISnal extension step of 68°C for 7 min. The obtained PCR product was digested with Bglll and 
XbaL (Ihvitrogen, Rockville, MD) and hgated into the expression vector pCMV4, cut with the 
same restriction enzymes as flie PCR product The sequence inserted was verified by DNA 
sequencing. 

Heterologous Expression in Mammalian Cells 

The HEK293 cell line was used for expression of the CYP2W1 protein. The cells were 
transfected with 30 ng pCMV4-2Wlplasmid per 15 cm cdl culture dish usmg lipofectamine 
2000 (Ihvitrogen, RockviUe, MD) according to the manufacturers instructions. CeUs transfected 
with only pCMV4 was used as a negative control. The cells were harvested 66 h after transfection 
and homogenized in 10 mM Tris/HCl pH 7.4 containmg 1 mM EDTA, 0.5 M sucrose and 
Complete protease inhibitor (Roche, Mannhdm, Germany). The homogenate was fiactionated by 
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ceaitrifugation, and the microsomal fraction was xised for estimation of the total P450 content. 
The microsomal, mitochondrial and cytosolic fractions v/ete subjected to western blot for 
detection of the CYP2W1 protein, as described above. 

Results 

The results of the invention will be described below in association with the accompanying 
drawings. 

Figure 1 

Gene structure (A), nucleotide and predicted amino acid sequence (B) of CYP2WL (A) Exons 
are shown as boxes with size in base pairs. The size of tihie introns is shown in kilo base pairs. (B) 
The stop codon is indicated by an asterisk and the proline-rich region, PPGP, and the conserved 
cysteine are shown in italic bold. The 3*-flanking region was obtained from the Celera Transcript 
hCTl 786066. 

Figure 2 

Unrooted phylogenetic tree of CYP2W1 and other human P450s belonging to family 1 , 2 and 3. 
The scale bar for distance measurements represCTtts 0.1 amino acid substitutions per site. 

Figures 

Real-time PGR based quantification of CYP2W1 mRNA expression in Human Tumor Multiple 
Tissue cDNA (MTC) Panel using gene specific primers. 

Figure 4 

Distribution of CYP2W1 mRNA in difiarent human tissues and cell Imes. (A) Multiple Tissue 
Expression (MTE) Array containing 42-500 ng of normalized human polyCA)"*" RNA per dot (B) 
Multiple Tissue Northern (MTN) blot containing approxinaately 1 jig poly(A)'^ RNA per lane and 
Northern blot containing 20 jxg total RNA fiomhmnan liver, HepG2, HeLa, B16A2 or HEK293 
cells per lane. All blots were hybridized with a ^^P-labeled probe corresponding to nucleotides 
329-986 and exposed for 48 hours. The size markers used for the northern blot were the rRNA 
28S (4.6-S.3 kb) and 18S (L8-2.0 kb) band. 



figure 5 

Western blot containing four lanes with HepG2 total cell extract corresponding to 40 |ig protein 
per lane. The first two lanes were incubated with CYP2W1 antiserum, while the last two were 
incubated with antiserum blocked with peptide. The blot was exposed for 3 minutes. 

Figured 

CO-spectral analysis of the microsomal fraction of ttie pCMV4-2Wl 116 construct 
Figure 7 

Westem blot an^yses of microsomal, mitochondrial and cytosolic fractions obtained from 
transfected HEK293 cells. Fractions corresponding to 40 \ig protein were loaded per lane. The 
last two lanes contain human liver microsomes and cytosol corresponding to 40 (ig protein. The 
menibrane was incubated with CYP2W1 antiserum and exposed for two minutes. 

A number of genomic clones related to CYP2W1 wcco identified and aligned together in order to 
obtain the CYP2W1 gene sequraLce. A Celera transcript, hCT1786066, was also identified which 
contained the 3* untranslated re^on of tiie cDNA. The CYP2W1 gene was more than 5.5 kb long 
and showed the typical fanoily 2 gene structure with nine exons (Fig. 1 A). The obtained gene 
sequence was used when designing primm for the anqilification and sequencing of the entire 
HepG2 CYP2W1 cDNA. Sequencing resulted in an open reading frame of 1473 nucleotides, 
which encodes a 490 amino acid long polypeptide. The nucleotide and predicted amino acid 
sequence of CYP2W1 are shown in figure IB, CYP2W1 was found to contain some typical 
structural features associated with P450s, including a hydrophobic NH2-tenninal, the proline-rich 
region and the conserved cysteine, which is the fifth heme iron Ugand . The CYP2W1 cDNA 
sequence described here differs extensively from the previously reported partial sequence 
(GenBank Accession No. AK000366) with respect to the N- and C-termixutl exons* 

An unrooteed phylogenetic tree of CYP2W1 and other human P450s is shown in figure 2. It 
shows that CYP2W1 align together with tibe other family 2 menibers, but it does not seem to be 
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closely related to any of them. The enzymes within family 2 with highest identity to CYP2W1 
are CYP2D6 (42%) and CYP2S1 (40%). 

The tissue-specific CYP2W1 mRNA distribution was analysed by using MTC panels by PGR. 
The cDNA samples in the MTC panels wm pooled fix>m several individuals and normalized 
with at least four different housekeeping geaies. As shown in Fig 3 and Table 1 the tissues that 
showed the hi^est ^pression of CYP2W1 mRNA were the tumor tissues lung carcinoma and 
colon adenocarcinoma. Moderate expression was seen in for eKsaaaple fetal limg, but the 
expression levels seen in the majority of normal adult and fetal tissues were low or absent. A 
rou^ calculation about the difference in expression between the tumour cells having highest 
CYP2W1 mRNA and normal tissue reveals a 10,000-100.000 fold difference. 
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Table 1 

Tissue specific expression of CYP2W1 revealed by PGR analyses using gene specific primers and 
dififeent HuiMn Multiple Tissue cDNA (MTC) Panels. The number of cycles required to obtain a visible 
product band on an ethidium-bronude stained gel is given in the column. The abbreviation nd stands for 
not detected, which means that no product band could be seen after 40 cycles of an^)lification. 



Panel 


Tissue 


Cycles for Detection 


Human MTC Panel I 


Brain 


nd 




Heart 


nd 




Kidney 


36-40 




Liver 


36-40 




Lung 


nd 




Pancreas 


31-35 




Placenta 


36-40 




Skeletal Muscle 


36-40 


Human MTC Panel U 


Colon 


31-35 




Ovarv 


36-40 




Peripheral Blood leukocytes 


nd 




Prostate 


31-35 




Small Intestine 


nd 




Spleen 


nd 




Testis 


nd 




Thymus 


nd 


Human Digestive System 


Cecum 


36-40 


MTCPand 


Colon, Ascending 


36-40 




Colon, Descending 


36-40 




Colon, TiBnsvme 


36-40 




Duodenum 


31-35 




Esophagus 


36-40 




Heocecum 


36-40 




Ileum 


31-35 




Jejunum 


26-30 




Liver 


31-35 




Rectum 


26-30 




Stomach 


31-35 


Human Fetal MTC Panel 


Brain 


nd 




Heart 


nd 




Kidney 


31-35 




Liver 


31-35 




Lung 


26-30 




Skeletal Muscle 


nd 




Spleen 


nd 




TTiymus 


nd 


Human Tnmor MTC Panel 


Breast Carcinoma (Gl-101) 


nd 




Lung Carcinoma (LX-l) 


21-25 




Colon Adenocarcinoma (CX-1) 


21-25 




Lung(GI-117) 


36-40 




Prostatic Adenocarcinoma (PC3) 


31-35 




Colon Adenocarcinoma (GI-1 12) 


36-40 




Ovarian Carcinoma (GM02) 


26-30 




Pancreatic Adenocarcfnoma (GI-1 03) 


nd 
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The mRNA distribution was also examined using different inRNA blots, like MTE Array, MTN 
blot and Northern blotting, the mRNA amounts on tibie MTE Array have been normalized using 
eight differ^ housekeeping genes» and the NfTN blot has been normalized with respect to p- 
actin. Using these two methods for mRNA analysis no signals, and hence no expression, coxild be 
observed in any of the tissues (Fig. 4A and B). A Northern blot analysis was also performed 
using RNA from HepQ2, B16A2, HEKZ93 and HeLa cells and htunan liver. In HepG2 cells a 
strong sigi^ corresponding to a transcript of qiproximately 23 kb was observed (Fig.4B), which 
corresponds well to fhe sequmce shown in Figure IB. No signals could be obtained in the other 
ceil lines or in human liver, which is consistent with the low CYP2W1 mRNA expression seen in 
liver using the MTC panels. 

A CYP2W1 antiserum was produced by immunization of rabbits, using the C-temiinal sequence 
of CYP2W1. The cell lines examined for the presence of CYP2 Wl using western blotting were 
HepG2, HEK293, HeLa and B 16A2, and in addition, we also determined the content in human 
liver microsomes and cytosoL The membranes containing HepG2 total cell extract and incubated 
with CYP2W1 antiserum recognized two bands of approximately 54 and 52 kDa as seen in 
Figure 5. The upper band is the result of unspecific binding to a cytosoUc protein, whereas the 
size of the lower band corresponds well to the calculated CYP2W1 protein sequence of 490 
amino acids. When immunoblotting was made using pre-immime serum (data not shown) or 
antiserum blocked with the immunizating peptide the previously seen bands were abolished (Fig. 
5). No band corresponding to CYP2W1 was seen in human liver or in flie otiier cell lines 
examined (data not shown). Cross*reactivity with otiier P450s could be excluded since no band 
was observed in human liver microsomes, which normally shows high expression of most P450s 
Id families 1-3* 

CYP2W1 was heterologously expressed in HEK293 cells using three different pCMV4-2 Wl 
constmcts (116, 1116 and IHT) and empty pCMV4 vector as a negative control. The microsomal 
fraction of tiie transfected cells was used for an estimation of the P450 content by spectral 
analysis of the reduced CO-bound form (Fig. 6). A peak was observed at approximately 450 nm 
indicating presence of active P450 enzyme. The amount of P450 obtained was 5 pmol/mg 
microsomal protem. Tlie microsomal, mitochondrial and cytosolic fractions were siibjected to 
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western blotting for detectioa of the CYP2W1 protein (Fig. 7). A strong band indicating 
CYP2W1 were seen in tide microsomal and mitochondrial fractions transfected with all pCMV 4- 
2Wl constructs whereas no bands conld be seen in the negative control. 

Discussion 

Alignment of genomic clones allowed the construction of the gene stracture of CYP2W1 . Based 
iqpon this it was possible to muake a full lengOi cDNA construct using miKNA fiom HepGl cells 
vMch revealed a P450 enzyme with expected laigOi and sequence motife. Semiquantitative 
analysis for the amount of mRNA expressed in human MTC panels revealed the hi^est 
expression in a lung, a colon and an ovarian tumour, wh^eas in general only small mRNA 
expression was seen in preparations &om adult tissues. Based upon flie PGR number of cycles 
necessary to axi^lify the product a rough calculation reveals 10,000-100,000 fold higher 
CYP2 Wl mRNA expressed in these tumour cells than in non-transformed cells. Further 
quantitative estimations are now done using Northern blot filters from diiBferent human tumours. 
The inventors detected significant mRNA expression in H^G2 cells whereas, by contrast, they 
could not see any significant expression as determined by Northern blotting in different tissues 
from adult human. 

The inventors successfully obtained a specific antiserum to the protein. Western blotting 
experiments revealed that no significant expression was seen in human liver, but that high 
expression was seen in the transformed cell line HepG2. This is pronodsing in order to obtain 
specific Western blotting analyses for detection of flie enzyme in different tumours. In HEK293 
cells hetofologously expressed with CYP2W1 the ^pression of three bands was seen with 
sli^tly difier^t molecular weights. The significance of this observation is currently evaluated 

Large cultivation of HEK293 cells transfected with pCMV-CYP2Wl cDNA allowed the 
preparation of microsomes usefiil for detection of spectrally identifiable CYP2W1. The results 
showed a typical P4S0 spectrum indicating proper folding of the enzyme being catalytically 
active. 



14 

The transfoimed cells line Hq>G2 has not been described to express any known fonn of 
microsomal cytochrome P450 at significant levels- Unexpectedly, the present inventors found 
relatively hi^ CYP2 Wl expression as revealed by the Western blotting experiments in HepG2 
cells- The background for this is unknown but current work auns at identifying the transcription 
factors and cis acting elements required for tiiis expression. In addition^ the semiquantitative 
determination of CYP2W1 in some different human tumours revealed an exceptionally high 
egression. 

The present inventors propose use of the enzyme CYP2W1 as a drug target for tiie development 
of cytotoxic drugs aimed for cancer therapy. Previously Ihe extrahepatic CYPIB 1 form has been 
shown to be more abundantly expressed in tunaours than in non transformed tissue wh^eas 
CYP2W1 appears to represent a mudi more inqportant example of tumor specific cytochrome 
P450 eTqpression. 
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CLAIMS 

1 . Use of the cytochrome P450 enzyme CYP2W1 and genetic variants thereof as a drug target in 
cancer tiierapy. 

2. Use according to claim 1 in the treatment of limg tumours. 

3 . Use according to claim 1 in the treatmmt of colon tumours. 

4. Use according to claim 1 in the treatment of ovarian tumours. 

5. A method of providing therapeutic ag»t5 for cancer fbffrspy, comprising screening for such 
agents by using CYP2W1 as a dmg target 

6. A method according to claim 5, comprising screening for therapeutic agents modulating the 
activity of CYP2W1. 

7. A method according to claim 6, comprising screening for therapeutic agents increasing the 
activity of CYP2W1. 

8. A method of treating cancer, corc^rising giving a patient in need thereof a therapeutically 
effective anoiount of a substance activated by the enzyme CYP2W1 and/or inducing the enzyme 
CYP2WL 

9. A iTOthod according to claim 8, wherein the substance is activated to an anticancer agent 



10. A method according to claim 9, wherein the substance is activated to a cytotoxic substance. 
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ABSTRACT 

The present invention relates to a novel drag target in canc» therapy. More closely it relates to 
use of the cytochrome P450 enzyme CYP2WI as a drug target for cancer fbscapy. 
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Fig. IB 



1 atggccctgctgctcttgctgttcctgggcctcctggggctctgggggctgctctgcgcctgcgcccaagacccctccccagctgcccgg 9 
lMAIjLLl»IiFl*GX*I»QljWGriIiCACAQDPSPAAB 3 

91 tggcccccggggcctcgcccgctgccgctcgtcgggaacctgcacttgctgcgtctgtcgcaacaggaecggtecct^ 18 
31W?P49PRPX>PZ*VOl9LKi:.LRLSQQDRS£iH£IiS 6 

181 gaacgctaogggccggtgttcaccgtgcacctggggcgee^gaagacggtggtgctgacggggttcg^ 27 
6lER?GPVFTVHI>GRQRTVVIiT6FBAVKBAIiA 90 

271 ggccccgggMggagctggccgaccggcctGccatc^ccatc&tccagctcatocagcgaggtggaggcaccttctte tcatctgs^ 3 6 
91G PGQBLADRFPXA2PQIiIQRG6GZFF8SGA 12 

361 cgetggagggctgcccgccagttcacggtgcgtgccctgcacagcctgggcgtgggccgggagccggtg^ 45 
121RWRAARQF*rVRAtiHSLGVGRBPVADKIt.QE 15 

451 ctgaaatgcctctctgggcagctggatggctacagaggccggcccttccx:gc tggccc tactgggctgggctccctuscaatatm ttc 54 
ISlXiKCLSGQLOGYRGRPFPXiAXitiGWAPSNITF 18 

541 gcgctcctcttcggccgccgacttgactaccgggaoccogtgtttgtgtccctgctgggtctcatcgatgaggtcatggtcctcttgggg 63 
181 AI«LFGRRFBYRDPVFV.SI*LGLZDEVMVLLG 21 

63 1 tcccctggcctgcagptgc tcaacgt ctacocatggc tcggggccctgctceagc tgcaccggcccgtcc tgcgcaagatcgaggaggtc 72* 
211 SP6i;.QXiFHVYPWLGALI>QIiHRPVZiRKIBBV 24> 

721 cgtgccattctgaggaccctrcctggaggegcggaggccccacgtgtgcoegggggaccocgtgtgcagctatgtggacgccctgatccag 81< 
241RAZZiRTX*X<BARRPRVCFQDPVCSyVDAZ.IQ 27< 

811 cagggacagggggacgaccecgagggcctgtttgctgaggccaacgcggtggcctgcaccctggacatggteatggccgggacggaga^ 90< 
271QGQGDDPB6IiFASANAVACTLDMVUAG7ET 30< 

901 acct:cggccacgetgcagtgg9Ccgcacttccgatgggccggcaccoggacgtgcagggccgggtgoaggaggagctagacogogt^ 991 
301 TSATI«QWAA£iXilfGRHPDVQGRVQSBZ.DRVX> 33( 

991 ggccctgggcggactccccggctggaggaccagcaggctcCgccctaiCacaagcgccgtgotccacgaggtgcageggttcatcacgctc 108( 
331 GF GRTPRliEOQQAZiPyTSAVLREVQRFXTL 36( 

1081 ctgccgcacgtgcc»cgctgc»ccgcggecgacaeaeagetgggcggcttcctgctccccaagggcacgcccgtgattcce^ 117( 
361 IiPHVPRCTAAD7QZi6GFI»£.P'KGTP VXPI.IiT 39( 

1171 tcggtgctcetggatgagacacagtggcagaccccaggccagt tcaaccccggccatttcctggacgcgeiatgMcactt tgtgaagcgg 12 6( 
391SVLZiDETQWQTPGQFHPGKPLDA)bIGHFVKR 42( 

1261 gaggecttcctgectttctctgcaggccgccgcgtctgtgttggggagcgcotggccaggaccgagctcttcctgctgtttgccgg 135( 
421EAFX»PFSAGRRVCV6BRLARTBI«FI«i;.FAGI>450 

1351 ctgcagaggtaccgcecgctgcceccgcetggcgtcagtccggcctccctggacaccacgcccgcccgggcttctaccatgaggccgagg 144C 
451IiQRYRZ,I»PPPGV5PASI*DTTPARAFTURPR 48C 

1441 gcceaggccctgt;gtgeggtgccGaggccctaggagctccGccagcccccaggtectcctgaccact.cccctcccagccctgggtcct^ 153C 
481 AQA£iCAVPRP* 49C 

1531 caccctc^ctccteccaccccacagcteggactgctctgggagggccctigaggac tcccaccctcacccccacccccacagggtcagcaa 162 C 
1621 ctgcttccggttacacccaggactacccetgcccgaccckgtgggacecccacccctctgatgctgtctgcagctcagtecetgccagce 171C 
171 1 cccaggagcgcctccagggccccgcccactctcccacccctgaagctgcsaG tcccacccaoctagctecccccagggccccccagcacct 180C 
1801 acagctggggctgcagggagacaacgggtggctgcatccagccagagacaggcgcaggtgggtgtcctcagcgtgcgagecctgcacccc 189G 
1891 ccaggtcctgggactcctgcagaccccactecattocogctcctggaacacttcctgcagctgtgcctggaggcagtc^ 1980 
1981 cagactctgagccaagccactggggccatgcgtatgactggtgcagggaggcaaggcccacattctccttcagagacaggcactggcgcc 2070 
2071 agaggcttcentggggcggggggagggcacctcagcccctgaagacaagcagoactgcagtggcaaaaatggaaacactgacccggtgcg 2160 
2161 gtggctcatgcctgtaatcccageactttgggaggecgaggcaggegaatcacgaggtcaggagttcgagaccagcctgcccaacatg^ 2250 
2251 gaaaccctgtctctactaaaaatacaaaaaaattaaccgagcatg 
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